(i9) n&tommmm®M 

(43) fflS^HB 
2001 ^11 £29 B (29.11.2001) 



PCT 


(10) @ISg^gBS# 
WO 01/91162 A2 


(51) Sfg*$fr#il 7 : 

(21) stsaiffis-^: 

(22) M&ltimH: 

(25) SB8mffi(DWig: 

(26) SGgttgf?<OSI§: 

(30) fiftft^r — 

45BI2000-151044 


H01L 


PCT/JPO 1/04344 


2001 ^5 «23 B (23.05.2001) 


B*t§ 


2000 *£5 E 23 B (23.05.2000) JP 


(7i) mmx (*mzfo<£:x<Dmfcmi~^>i*T): &Tn 

(MATSUSHITA ELECTRIC INDUS- 
TRIAL CO., LTD.) [JP/JP]; =r 571-8501 ZfcBSJ&HS rfT 
X^RS1006S*6 Osaka (JP). 

(72) 

(75) *W*/dJSA r*SlCOlNTCD^;: W (ASAI, 

Akira) [JP/JP]; =r 543-0001 *BE^*:B5m^£*IE 
Jl^fflT 9-5-12-1 303 Osaka (JP). *ffiRg A (OHN1SH 
Teruhito) [JP/JP]; =r 573-0049 ^Effrtt^rtTllli-ttt 
ffl!60-l-1202 Osaka (JP). jg* HQ (TAKAGI, Takeshi) 
[JP/JP]; =P616-8182 9:€B^S«Br!ifeftE*^*K»r 
3-3 Kyoto (JP). 


(54) Title: BIPOLAR TRANSISTOR AND METHOD OF MANUFACTURE THEREOF 
(54) /xVtK-^ h^>vX*:&t/'?-<7>8il*& 



(57) Abstract: A spacer layer (151) of SiGe, a graded base layer (152) of 
boron-containing SiGe, and a silicon cap layer (153) are epitaxially grown in 
sequence on a collector layer (102) of a silicon substrate. On the silicon cap 
layer (153) are formed a second deposited oxide (112) with a base opening 
(1 18) and a P+ polysilicon layer (1 15) filled in the base opening to form an 
emitter contact, and phosphorus is diffused in the silicon cap layer (153) to 
form a diffused emitter layer (153a). In growing the silicon cap layer (153), 
in-situ doping is used so that boron may be present only in upper portions. As 
a result, the width of a depletion layer (1 54) is reduced, thus reducing recom- 
bination current and improving the linearity of a current characteristic. 
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fc* N G e (D^^mt* 1 5 %T'&3 T> F — y(DWHm 4 0 nm© S i &e^^- 
VJS 1 5 1 GeO^^TOt 1 5 %, J: 0 J:5CSOifi<) 
fc-^-fb-ra £: £ * fclx igtf^4x 1 0 ,8 atoms • c m- 3 ©# n > £-^tr ff*^ 

4 0 nm©MMS i Ge^i 1 5 2 fc N SB^tttc # n ># F tlfcmfr 
m± 0nm©S i**v7mi 5 3 § bTtgtt £> =h,T ^ S 0 ?Uts 

5 i^rtf /II 5 3 © 5 *> N + ''J 2/ »J 3 >« 1 29 (^^^^§f§£t!U m@ 

) tmTzmmzi±^ n+ # u ^> u ^ >i i 2 9 *»6i6»jg©y 

iA^ntNSOx^ s>#il£i5CJl 15 3 a^M^^t^So 5. y *fc*Ji 1 
5 3a £J3\ S&©8S£#lRl&C|q]#oT 1 x 1 0 2 "atoms • c m~ 3 fr 1x10 
I7 atoms • cm- 3 gf Sf©^^^%ot 'J V^F-tfy^^nT^^o 

0 2 (b) {C^-Tidic, S i** y7*Jl 1 5 3©_hg0{C{± N 
1x10 u atoms • c m _3 ©# D > # F — 7£ ft, S i^tyT'Il 5 3 
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£fcfcf££4S i GeA-^l 1 5 2 *> ©ifeifcfc: £ tK mm&fo 2x10 1 "atoms 
• c m- 3 ©tf a yifi H-7*^tiTV^o Si^+v ^*J1 15 3 ©itlfgg&fc: 

>#«£A,£:* K — T^ftT V>fc^ 0 ^ 5. y ^iSftJi 1 5 3 a 

3*i*3lD HtpJSIffl» 1 5 3 b iKOBBt:Hc s p n^£-g|3 ^©te&^ 
Wp n3g-S-DS£&A,-e, £ 1 <Z)agS«SBiPe»Sg 2 ©^£.JpSiiBi;-£©igfflK:^Sjf 
15 4 #7&$<**i,£, Z\COt g N 154©Hi2 ©if a^fbJH M2C 

SS^f SSB^ttv t*©HBTt*in^i 5 5 4 (H2 (a) #JRO ©B 
>t^{3 lt^.^> h tff^ffi'J C ^> 7 M IzJ&Wl i: ifc o t ^ § o 

£©£ d &#3gBJ3© S i G e - H B T £ & %> b. s m 2 (a) CSti31:> S 
i^f^Il 5 3 ©±SP 2«l«IK<bJfi 12 2 ©ItT©^) fclSMK©* 

d># p-r$nt^50t> Qzm i 5 4 cDifi i ©a£i*i>&i2 ©^ 

, ^ft, S i^Ft5' 7*® 15 3 ©±gpt3 & ^XQ.Z.MM&ffii 

mi i (b) «±s ^ati.^ 3 oiMic <t^>-r^fiS^ttfe*^w©HB t 
©^— xmm, ? i^*«m©^-* • y.**jE£*t-r%te#te (# 
wis) s^-ria-c.^ao hhic^Tn ^ • ^ 5. * *mfc (v) §i 

l> Mtt^-^iiXii^I/^^i^ (A) (*f#ffi) ssitt^o range 
bfe^oTs #3§0J§£J;& fc> E| 2 (a) C^ti^tCs S i^t 5/7*11 5 

3 ©±gp^£bi^^^^JS©^D l>'-7tSi:fcici *k ^;£Jf ©*£#*) £#p 
* # § 3 i: # t? g s © h % £ e> ft s o 

Si^tyril53 ©±S*6BK::i3^TSfS 2 ©i£*iHbM 1 1 2t.com 
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*#3o iI©/W # — 5? h ^yVXflZ&WTlts it3&ftm^©^#ljg ( 

0>J£« 9 0 0°C*§g) ®^--;i/£fr&5 Cl££ J; *K fg 2 OifS^-fbM 1 1 2 

t: s i J71 1 5 3 t<Df?.mmtiL&i&tt-r&z.}iifiitm$}&m-e&z>ifi^ s 

iGe-HBTi^^tli, § ft S©fM3I#EiiT* 3 £ 4: * 6. x **n> 

-m i (ommmm- 

3 (a) (b) &#JtBb3&#&B&J8-rSo 

st\ 03 (a) nstigt\ (ooi) m%^m tT% s isti o o© 

> &SWi, ^V**S>>*)Vmg i &lZ-m^*)\ / *-<D't ;*>&A£fTfc5 CI h\Z 
£ \)s 1 /im®NM01/ hD^U-F^xM o 1 &J&j$r*o fe^l, 

it^^r^t;«Slfrftfcft:S 0 0 ©-£|3K: ^ ^>&A£fT& 5 <r 

S ill 10 0 ®^®#5fi©^^{i N HBTO^L/^^Iii^Sfc&tNI®? 
1 x 1 0 17 atoms • c m- 3 gl££ttUI U T *3 < 0 

fSt^^Uti: its ^<b-> >; 3 >*sjffia?>a*nfe^^ p-M/>f 1 o 3 
^ T> h*-:T# U ^> U 3 >JBI 1 0 5&vzi\%%i D ffltf 'J zi ymhWk 10 6 
^ ^ h 1 0 4 ^M/>f 103, 1 

0 4©$?£& N *ii**iO. 35//m, 2/<mga^^<. SiiilOO 
F^C^tt^^D-M^^ 1 0 3 m±iZ £ o tl 5 U * * jg i 0 

2 h& §<> 2; Si l o 0|*i©:=il^#Jli 0 2 hitis * v — h 1 
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*§i $ m us i o 7 %BffiTz 0 

«MISF ET0S*iJ§t*S^- htt&jffi, ^- V-X • H U^f > 

13 3 (b) t^tlgt\ ^h>^h^->S>^> (TEOS) i;^JSl£ 

m^b^*@j&s& (cvd) *mmnm6 8 owftte-oT, t?^^±\zm 

£&®3 0 nm©fg 1 (Dmmmihm 1 0 8 .^Ife^ 7 v hoi 

?\z& M l ©iliUfbl i 0 8tstt««©i,t b 
^ i/^^BB-PSP 110 %mffiT2> 0 o£ *K ->>D— h 1 0 3 tS iifi 

kci^.pi/^^wpsi i o <Dm*mmmm<Dm£ t> *is<it*<. 3 u 
mi^^ggpg&iio ©«#*£&«&©«£ t> fej£<ft«©t»a&5. 

si 1 0 o<D3-\s&#mn & 110 distil bfegp^§^>^E-T2k 

fc>flK'fb**zki:©S^«K:J: oT«ta Us ^©gfl#{c/P£# 1 nmlgoffl 
bfe^s 5 5 0 •Cteinafcboo^S/^ > ( S i 2 H« ) , ^;V7> (GeH. ) 

, h*- ^>^ffi©^5jf ^ > (b 2 He ) ttt-^tsjjx%mmmmbXs 
^mm^mcD^mz x b , s is« 1 o o©=n^*iingisi 1 o icum utu 

5iIO±l^ 1^15 8 OnmOS G e x Ji £ x. £ # ;y ^ £ -it & 

o ?bt, S i i-x Gex JifcJ&jjSUfc&x. Jilltft — rtlctt*&-rsjtf 

7 ©-5 ■*>V)w><D&m&#±is > - a^o, jg^^*7 >s*iffl-rsc hia^ 

S i i-x Ge x Jf©±t/p£$74 0 nm©S i M% 3i¥ & & Z> 0 

C©Sii- x Gex I^SilCj;!), Si/Si.-x Oe.llll 

®4 (a) JC^-rx^T-s £x;\±£ N x. y h y & 3 0 

nm®H20lt«8ftJ|j|l.l 2&J£j&Lfc^ f?l 2 ©if aiHbMl 1 2©±£|g 
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\z J; t) 7 It, ^-xm&mmaffi 114 SMtSo c© s 

i/s i i-x Gex € 1 1 i (D*&m±m 2 (Dmmmtmz & ^xmt>tix& *> 

x ^— ■^S'&fflHlPffi 114tttSi/Sii., Gex Bill ©JlSg&hgl 1 

©*i«^bjeii o 8©—fipfc#smb't^ao ifetix ^-^g^JBiapgp 1 i 4 

©-f >?iA£fT W Si/Si.-x G e x Jfl 1 lMl/fn^u-Fi)i;v 

i o i (Dmm&fcm-oTftffi^-x&xffimRii&Mf&TZo d©fc* N 

-^aXM^Rii© — gph It, Uh-D^l/-h*«>xM 0 l<D*®fflJCx tt& 

# 3 x 1 0 17 atoms • cm- 3 ig©^'J — *B&JtJi 113 #}£J5&£ ftT €>„ 

El 4 (b) ^^-TXH-TN CVD^cfcD, «j7 :h/n±£ 1 x 1 0 2 "atoms 

• c m- 3 M±<D-mm&lZ h* — ygtifcmZft) 1 5 0 nm©P + !j?'J«>ij3 1 

1 5 £*gau i^ts jp<**u 0 0 nm©i3 ommmfcm 1 1 7 

0 mz, K7-fx.y^ >^tj; b, sg 3 ommmitm 1 1 7 + # y >> u 3 > 

1115 i:^^^-->^bt, ft 3 OiftffigHbJBg 11 7 £ P + sj? U ^ U 3 

1 i 5 fc<z>**6PK:si 2 ©*g«iHbM i i 2 tcji-rs^-^iapfis 1 1 8 

TZo d©"* — * HP SB 1 1 8 &fg 2 CDit^^bM 1 1 2 ©*ifegB£ *) %/Jn£ < 
v — ^MPgPl 1 8 — ^gE^fflHPSP 1 1 4 lzm% C £:fcfc&^o :©ii 
£ «fc £ x P+#'Ji/ijD >Jg 1 1 5tSi/S ii-, Gex |1 1 1 ©ppffegR£ 
m < ffifrhlzk oT^E^^tiS^gP^— X 1 1 6 #7fcf[££*i,.5o 

EJ5 (a) t^txgt, CVDiaDs ^^^©^M±lcff 3 0 
nm©i#a^fbJ^^jp^^ 15 0 nm©# l> ^ U 3 >]8 5 « * bt N 

bT, P+ #'JS/'J3>I 1 1 5&tffg 3 ©i£«^bJH 1 1 7Oflj®±fcS4 0 
t-i«m-fbM 1 2 0 £J&A,T-*U U 3 > £> ft £ t>- H 1 2 1 S^^f 

So 7 y'tt^fc ckS^y hxy^-^SfrW S 2 ©it^SMbflg 1 1 2 

SV£4©i#*tgMbJK 1 2 0©^^»tBbTV»SfiB^%|^*-rS. C©i:§, ^ 
-^UPgPl 1 8 Id&^TfcJu Si/Si.-, Ge x SI 1 1 ©±$3© S i 
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1 1 8 ©if^^ife^-r^o iOfc^O^aiy hxyf >^©fH iot 
^-*liPi|ig##i£ So £ CD £ :n y y ^>^©|^s fll 1 ©if &&<fkl£ 10 8 
KSiGerO>Fl 1 1 Hfiitm LTVAfc£LT$, Si 

+ 3 lx**3[£fcH bJl 1 0 7 ft£t3\ P + # U i> U 3 >M 1 1 5 ftifK cfcoTS 
fcfLtu§©T\ S i St 1 0 0 ©i® ^ 

EI 5 (b) i^tlg"e> S^#|il 2 5 0 nm©N+ ^'J^'J^VH 

2 9 L'fe& N K7 ^Xiy^>^fcJ;otN+ ■ si? U ^> U 3 >Jf 12 9 

>^tS Z hiZX *> s ac^ y #i±J b*i§Mt5o Cl©il§x P+ 
•J D 13 >J1 115 ©^flji±/1* — — >^£*lTtA&V>©-^ fflH^r'fCTj? U U 3 

£> ft s.-tf-^ h* ;i/*s^^$tL*c h&ft^o n+ 

1 0 7 ft £©^@#, N+ # >J U 3 >JB 12 9 CD^- — M — ai y ^>^£ «fc 
otx^f >^$ti§CJ;i)5fd;V\ot\ Si 10 0 ©g|® fcUHCia^j&^ft 

16 (a) C^tlSt> K^>f ^ y^>^fc £ !K & 3 ©Jgft&fti&g 

117, p+ #'j5/ij.3>n 1 52fev^ 2 (Dmmmitm 112 

06 (b) t*tlgt> *?x.J\±VlB 1 2 0 nm©ti^^<bJK 
§MLfeg[x h-7^X'y^>^§fj/5:ots N+ *'Ji"Jn>ll 2 9tP + 
# »J ^ U n >Jf 1 1 5 ©«£+*- K 12 3 c©fc|© K 

7^fxy^>^ (3--^*-:n\y^>^) t«to^ 11 1 0 8®i 

fcB bTl>££B#£B$5c It, N+ stf U U 3 >ji 12 9, P + sK U i/ U 3 > jp 1 
1 5^t>*N+ 3U^^5I^tHUSl 0 7 O'SlSSBaj^tS. 

0 WT©M£fTft5o 
, J >^ t tot> »>^^©±ia±k:J*$tf«l4 0 nm©T iJ»*it«[Ufe^ N 6 
7 5°C, 3 0 s e c©RTA (MB^T--^) S.ff ft 5 d i: £ «fc b , N+ * >J 
»J 3 >J1 1 2 9 , P-+#i)S/ij3>I1.15 St5N+ 3lx^^5|^aitjll 0 
7©«tHb-C^S^SKT i ^Ut^ KJI 1 2 A*M.ffi-r%o ^<D'&s T il© 
*EJfc&#©^£amfltjK:|Sft£bfc&x T i-> U-tf-T KS 1 2 4©iglili^£^ 
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*^;\(D±ffi±\zmmmmmi 2 5 &be£u jhhi«ibki 2 5 %n 

UTN+ * 'J ^> 'J □ >f 1 2 9 , P+ ^'Ji/'J3>11 15^r>*N+ zru^^gf 

.*ai ujb 1 0 7±©t i F1124 tzmmrz&imjL&mm-rzo ? t 

2 6 £S«g£ft N «F^^^M 1 2 5 ©±£iEtf a&«IB*| 12 7 ZMffiTZ* 

33 U** fcs P+SSii-x Ge x ^e>^^>^-^i:. N+ SSi^?)&Sx 
5. v $ il SiAfcHBTASM^ns, Si/Si i-x Ge» 11 11© 

a t> S i JP£«\ N+ U> >® 12 9 £ M^M<D NM*Fffi,M (V 

#^;ffiJ£J|g£:fcW-£*NRj5-C*<& Si/Si.-, Ge.flll &3fZj$ 

T^oLm^-rD^x, mi (a) , (b) use#e>a&u8*"So mi (a) , 

(b) fck, ±j£<Dm.£i^Mtp(Dm 3 (b) ^^-TXigiC^^^rc ^ y # . ^— ^ 
tf> S ift^R 1 0 0©3!^*g§ng|31 1 0 icMfcti Lfegp^^T>^^T7K 

ifbi^i^ifc^it-, ^xa$uh v- cvd^scd^-^ >^—frizmx-r 
&o wt— ^(do ^^omxm, n&mmm,tpx t> s 5 0 °c 

c 2^p^in^ft-rsciaitc:<t>)«MMYbj^*i^5fe-rso t? 

^^MS 5 5 0°C^^T^-yrTs 5>>^ > (S i 2 He ) i:<y;i/^> (G e H 
4 ) JiCit^^ti^nO. 021/min, 0. 0 3 1 /m i n t U jE;ft£ 
^ 0. 0 6 7 Pai:LTs Z<DtfiWi& 2 # 4 0 &HQii&l- 3 Z\ £ lz «fc b „ i>:c^ 
_t(cjp^#;j& 4 0 nm©T> S i G e J*^-tfJI 151 SMt5. 3 

S i G eX^ — Vm 1 5 1 (Df&mm&te® 1 5 nm/m i n^&3 0 

mv^t, EE*st5^$/7> (s i, He ) as***©* 

^f^L^/!)5e»^ «ft 5 %©2K*#»?^jj?5> (B 2 He ) ^iI4sccmf 
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f+VA'-rtdiAtl., ?lts 4^|BIC^7> (G e H4 ) ©ill 0 . 

0 3 1/mi nfr£> 0 1/mi n £ JUS ft C^fb**** <r {3 J: <d n 3ms i ,- 
x G ex cfi©G e ®^^^x*s 1 5 0 %\Z^ih L T ^ 3 Mfo&ffi 4 0 nm 

1 G e ^— 15 2 ©¥*9'fl&fcJ««agfttttt 1 0 nm/m i nT"v #D 
^^^4 x 1 0 18 atois •cm- 3 -e$>§o 

f t>M-rt©ss, m^st>*^^^> (si 2 He ) mfi£^x.-f£ 

( G e H 4 ) &m?Zk.t£<^ &m#*lV#5> (B« H 6 ) 
#Jt<*.* N ^©ttll 1 5 ftMmftirZ Z £ ct tK Wfr&mz 0 nm©r> K 
-T-Sif l 6 l^x^^^t^ft^tS. £©2;§ N 7>F-7Sill 
6 1 ©j^SSltttfi 2 nm/m int^o 

^©^s BIF, *fi 5 %©**#3R^*7> (B 2 He ) $%£0. 0 0 11 
/mintft>/t-^[;Su £ 5 #|H*£j#-r 3 £ i: C «fc tK iP^^J 

10nm©I'-7'FSiI16 2Sxir^^$/^;i/jS5$t5 o :©i:§ v K — 
7fS ill 6 2 2nm/minlf N # n VcdM^* 3 ^ 1x10 

18 atoms • cm~ 3 l?^^)o 

±iax^*s«lT ^fz^ms 7>h--7Sill61, H — y hSifl 62H 
«fc »K Si*t^ll53 #i^£*i3o Ifes Si Ge7^-tl 15 1, 
43ft S i Ge^-^| 1 5 2 XV S i * * * 7*® 1 5 3 £ «t D . Si/Sii-, 
Gexllll tfj&fifc Sft.ao 

07 (b) tt N S i/S ii-x Gex ®1 1 1 & o T^MSmf tc 

1 5 2 S i 4r*.y 71 15 3 K — !7* hS ill 6-2 ©£*£i^ 

^ it, % (D&&3Lm\z:& & zmmmm&xz z tiz x-ox s mms i Ge^ 

-*JB 1 5 2^S i#ty7f 1 5 3tf©K- T'hSill 6 2 £ K — >£;h,fe 
#D>#£feifcU *»«itct± x 02 (b) £j3K"r«fc."5te#n >©ajgrn ^ T^f 
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£ in-situ h'-7 , til,CVD^lT&d^A s Mt*§c ?IT^ ^mMMM 
\z£2>£, in-situ H — 7K: «fc o T n S i * * y 71 1 5 3 ©±gB£ K — 7$ ft 

2>yrsu><Dmm&. ttrntfj^m-vrnm-r^ z h&x% s<, 

iz&^xmW Lfcm 2 (a) (b) {3 m TM *) X %> 2> o 

^mmmmiz^^xit, 04 (a) izmT^mzuToxoizfites 

•V&Zo 08 (a) , (b) B\ ±I©iSlif<5@4 (a) iZmt^mz^ 

^mMmmiz^^xn, m 1 (DmMmmiz^^xmm u^ss cD^a&ff &o 

t> 3 1/^^11 0 2®±II^ m^^m4 0 nm©T> p — 7© S i Ge*^- 
1 5 1 £ N mfr&m 4 0 nmttS^ 4xl0 18 atoms • c m- 3 <D#D > 
£^tfftI$4S i G e ^-XM 1 5 2 h ZJ&l&TZo 
ifctCx wt — rtcDS&fif, £E^jSZ>*^->-7 > (Si 2 He ) ii^MSi 
1 5 2(DW)!)^^if C^;i/v> (GeH. ) §St^J:*< 

x **#«2^5jf5> (b 2 H e ) <Dmm&w>±£it, z(ovtm% 2 o&mmw? 

SutlCJ;^ W frit ft] 4 0 nm©S i*^ y71 15 3 £ If * * ^ fri&m. 

Jg 1 (DnMBMlzjsttzm 2 <Z>*ft8ll&fblR 112 fcftx.T\ #o>^ F 
-:T£ftfc>> <J ^ >^bflg (BSGl) fr£>&-£>ig2©i£«^bJ3Il 7USi 
8» 71 1 5 3 (D±lZt£ mT&o ZCDhg, VD^iOft >M-f*jK: 

■5 > (TEOS) 1 . 5 1/m in-e, hiJxh*S/*D> (TEB) « 

it 1 • 5 1/m i nT% ft ft 8 5g/Nm s ©;fr^>£^t? 0 , 7 . 5 

Na Siffll 8. 01/mintau, CI 1.5 %»mfi&& 
tSCtl:J;!)s 3 wt D >£-^trJP<^#j 3Onm0|2 ©if «^>fbflj| 1 

7 1 §Mt5, 

13 8 (b) z\(Dh%<Dmffi'miz&tt&#n ><Dm&7v ? t4 )V^yjktm 
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*(D'&<Dx.miz sttztiammmizk^T^ m2(Dmmm<tmi 7 1 

□ >-tfSi*ty7|l 5 3 ©±eP£&tt-f S<Z>TS S&tfjKiBu gj 2 (a) £ 

^ -f cfc o & # d > © $t g 7 u 7 t ^ ) v &m e> ti & o 
^©^k 04 (a) izm-r^mtmniz, m2 (Dmrnmitmi 7 nz^-xm 

&mma®l 1 4£ff$$;Ufc^ IH 4 (b) ~EI6 (b) ^^fx^^fr^a a 
££X, P NP/H /K-^ h ^ * kl&^TfciU H 2 ©*t«^<bM 1 7 1 

— 7TZ>Zh&-C%Z>o tCs Si^t y^-JB 1 5 3 ©±^g|i(D d £>fg 2 

^mmmmiz&^T s*^shb T©M^x^icDmni*, gnomon 

£:fcv>TlBBJ3 bfcEl 2 (a) ~g]6 (b) C^-Tafi b "CfeS. 

^^JKJgflgtC^Tfc^ El 4 (a) , (b) JC^-TXg § JJ*T© J: 5 fclfrfc: 5 
^^^mx-^^o 09 (a) , (b) & N .±Jfc©SiagXS(ti(Z)|g4 (a) , (b 
) Izmir ^Ulz % tt&x.* y # • ^i§rgp©#i^£ bT^-r£B#$T®H 

Ts 3l/^|10 2©±id > ff£>#*?j4 0 nm©T> i Ge^^- 

itjl 15U, mfrftm 4 0 nm-Cim 4x10 18 atoms • c m~ 3 <D^U > 
^tfiHSiGe^-Xfi 5 2t&Mt§o 

Oe^-.^l 15 2 ©^J^B#^e>^x.-rt>r^;i/ v'V ( G e H 4 ) Z tft < 

s zk**^^^^^ (b, He ) (Dm^zwitm*, z<DVtm&2 b ftt&mftT 

^^^td:!3 N if <2*A s ,#j4 OnmCSi^ty :7*jf 1 5 3^roi^^^>y^ ^Efcft 
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m 2 (ommmihm i 1 2 1 0 nm^bt* < 0 
#tc. ^ 1 ©^^^g^^^3 43v^T^^&BJ bfe^^!^ ! a^3cJ:oT^ m 2 (Dmmnihm 1 1 
2 ©^-^-^>y(c xz^-xm&mmu® 1 1 4©^^ ^-^}g-a-ffl§§D 

gp 1 1 4 £D7£j$£/BV%fe ^v'^^§fflV^fe7^fD> (B) CD ^ # > & A i: £ 

5 0 nm©P+ # U $/ U 3 >Ji 1 15 £i«-rs#>\ ^:^Jg^^C*5^T 
t±x P + # >J 'J n >J1 1 1 5 tpCDtfu >(Dm&* 2 x 1 0 20 atoms • c m- 3 W 

•J y 3 >JBtfc x JD 8 k e V, h'-XlA 3 ^ 5x10 15 atoms s-c 

\ * 'J > 'J 3 >JK©l£amtC in-situ P-:/£fT&oT*> «fcV^ *£V^x Sg 1 CD 
HJ|g^^hRIfil©^tS^ «fc >>> f£ 3 ©if a^fbli 1 17 (0 4 (b) com 

mt, m 3 ©ttttinbiK i i 7 hp + * y y n >ji i i 5 

.ts^-xlingp l l 8 (om®>h*ftteu, p + * y j/ y u >jb l l 5i:Si/ 

Sii-.x Gex II 1 1 CD*5fegB£Bfc< oT^lJ^^tLS^gP^-^ 1 

1 6 (04 (b) 0M) SMtS. 

09 (b) ti N CO £ £©«&BfB£:j3tt*7i;n VCDii^^n 7 t -i )V&ffr-tm 
tfeS, £ ©*fcJB"eBu S i y 15 3 I*} 13 & # d > # |t-7^ftti 

i\ m 2 ©ttaM'fbM i i 2 &BB"rt»»e>nfep+ * y %/ y 3 >s 1 1 5 (^ 
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